WORLD INTELLECT! 

^ no 9603773 Al 

INTERNATIONAL APPLICATION PUBLISHED uiilsluv iiui i mi-ill uiva i iuii i ivt^rt. i i v, j y 



(51) International Patent Classification 6 : 
H01L 27/146 



Al 



(11) International Publication Number: WO 96/03773 

(43) International Publication Date: 8 February 1996 (08.02.96) 



(21) International Application Number: PCT/CA94/00407 

(22) International Filing Date: 27 July 1994 (27.07.94) 



(71) Applicant (for all designated States except US): LITTON 

SYSTEMS CANADA LIMITED [CA/CA); 25 Cityview 
Drive, Rexdale. Ontario M9W 5A7 (CA). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HUANG. Zhong [CA/CA); 
50 Cordova Avenue #2804, Etobicoke, Ontario M9A 4X6 
(CA). 

(74) Agent: PERRY, Stephen, J.; Suite 701, 330 University Avenue, 
Toronto, Ontario M5G 1R7 (CA). 



(81) Designated States: CA, JP, US, European patent (AT, BE. CH, 
DE, DK. ES. FR, GB, GR. IE. IT. LU. MC. NL. FT, SE). 



Published 

With international search report. 
With amended claims and statement. 



(54) Title: RADIATION IMAGING PANEL 

(57) Abstract 

A radiation imaging system comprising a capacitive 
coupling radiation detector for directly converting incidence 
radiation to electrical charges, a storage capacitor for storing 
the generated charges, a read-out switch for periodically 
outputting the charges stored on the storage capacitor, and 
a reset switch for periodically re-setting the radiation detector. 




- 


n 


Pi , 




Multiplexer 





FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


linked Kingdom 


MR 


it,,,,;,,, ; , 

Msunxansa 


All 


Australia 


GE 


Geoigta 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BR 


Belgian 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Paso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 
BR 


Benin 
Brazil 


IT 
JP 


Italy 
Japan 


PL 
PT 


round 
Portugal 


BY 




KB 


Kenya 


RO 




CA 




KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Centra] African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


CflQfO 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


O 


C6ted*Ivofee 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


ClIDfitXW 


U 




SN 


Senegal 


CN 


Chin* 


LK 


Sri Lanka 


TD 


Chad 


CS 


CMdndovikia 


LU 


Luxembourg 


TG 


Togo 


CZ 




LV 


Latvia 


TJ 


Tajikistan 


DK 




MC 




TT 


Trinidad and Tobago 


DK 




MD 


Republic of Moldova 


UA 


Ukraine 


BS 


Spain 
Finland 


MG 




US 


United States of America 


n 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MM 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 96/03773 



PCT/CA94/00407 



1 

RAPIATIPN IMASINg PAPEfc 
Field of the Invention 

5 This invention relates in general to imaging 

systems, and more particularly to an X-ray imaging panel 
incorporating a capacitive coupling radiation detector 
and a reset switch for periodically resetting the 
potential of the capacitive radiation detector. 

10 

Background of th« Invention 

Amorphous selenium (a-Se) has recently been 
recognized as a promising material for digital X-ray 

15 imaging devices for medical and industrial applications. 
One such prior art device has been described in a paper 
entitled "A Large Area Solid-state Detector for Radiology 
Using Amorphous Selenium 11 , Medical Imaging VI: 
Instrumentation SPIE 1651, pages 134-143 (1992) . This 

20 article describes a digital X-ray imaging device in which 
a high voltage is applied to a selenium (Se) plate to 
obtain high conversion efficiency of X-rays. Depending 
on the thickness of the Se film, the DC bias voltage may 
be over several thousand volts . The use of high voltage 

25 on the Se film poses serious risks to any semiconductor 
device connected to the X-ray conversion plate. 

One approach to avoiding such risks involves 
separating the high voltage parts from the signal 
detection circuits by inserting an insulator between the 

30 readout circuit and Se film. X-ray imaging devices 
comprising an Se film and insulator 
(electrode/Se/ insulator/readout circuit or readout 
circuit/Se/insulator/electrode) are described in a paper 
entitled "A Method of Electronic Readout of 

35 Electrophotographic and Electr ©radiographic Images " D.M. 
Kom et al, Journal of Applied Photographic Engineering 
vol. 4, no. 4, Fall 1978, and a paper entitled " Laser 
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Readout of Electrostatic Images" , by A Zermeno et al, 
SPIE vol. 173, Application of Optical Instrumentation and 
Medicine VII, pages 81-87 (1979). Furthermore, U.S. 
Patent 5,017,989 (R.A. Street), issued to Xerox 
5 Corporation, discloses a configuration of 

electrode/ Se/ insulator/ readout circuits. In this prior 
art patent, an improvement is identified in the use of a 
thin film transistor (TFT) circuit which is overlaid on 
the insulation film to amplify and output the imaging 

10 signal. 

In all of the prior art devices referred to above, a 
signal voltage is capacitively coupled to the readout 
circuit. Thus, the readout circuit is not capable of 
resetting the potential of the Se film automatically 

15 (i.e. non-destructive readout). After readout, the bias 
voltage of the Se film must be inverted, in order to make 
the signal charge reverse, thereby resetting the 
potential of the Se film and preparing the panel for the 
next X-ray exposure. 

20 A significant disadvantage of each of the above- 

referenced prior art devices is that they are 
substantially incapable of performing real-time 
acquisition of X-ray images (i.e. incapable of attaining 
high speed operation to obtain a video rate signal (e.g. 

25 30 frames/ second) ) . 

This disadvantage is caused by two reasons which are 
discussed in greater detail below under the heading 
"Detailed Description of the Preferred Embodiment and 
Further Description of the Prior Art 99 . 

30 

fflBmag Qt the Invention 

According to the present invention, a high readout 
speed, real-time radiation imaging panel is provided in 
35 which a switch is connected to the radiation sensing film 
(e.g. a-Se) and to a source of reset potential for 
resetting the radiation sensing film. As a consequence, 
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the radiation imaging panel of the present invention 
provides signal readout with high sensitivity and high 
speed response , in contrast with the known prior art. 
Furthermore, by incorporating a reset circuit with high 
5 voltage and large current tolerance, reliability of 
circuit operation is enhanced. 

Brief Description of the Drawings i 

10 A further description of the prior art and of the 

preferred embodiment is provided herein below with 
reference to the following drawings, in which: 

Figure 1 is a graph showing photocurrent and dark 
current versus bias voltage applied across an Se film as 
15 known from the prior art; 

Figure 2 is a schematic diagram of an equivalent 
circuit of a single pixel of an imaging array according 
to the present invention; 

Figure 3 is a schematic diagram of an imaging sensor 
20 array incorporating multiple pixels in accordance with 
the present invention; 

Figure 4 is a schematic layout of a single pixel 
according to the preferred embodiment; 

Figure 5 is a cross-section through the line A-B in 
25 Figure 4; 

Figure 6 is a cross-section view of a single pixel 
according to a first alternative embodiment of the 
invention; 

Figure 7 is a cross-section view of a single pixel 
30 according to a second alternative embodiment of the 
invention; 

Figure 8 is a cross-section view of a single pixel 
according to a third alternative embodiment of the 
invention; 

35 Figure 9 is a cross-section view of a single pixel 

according to a fourth alternative embodiment of the 
invention; 
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Figure 10 is a schematic diagram of a sensor array 
according to a further alternative embodiment; and 

Figure 11 is a timing diagram for the sensor array 
shown in Figure 3. 

5 

totalled De« e rintl Q n of the Preferred 

Rwhodiment and Furt her Description of the Prior Art 

As discussed above, prior art digital X-ray imagers 
10 suffer from the disadvantage that they are incapable of 
attaining sufficiently high speed for real-time 
acquisition of X-ray images. There are two causes for 
this disadvantage in the prior art. Firstly , with 
reference to Figure 1, a plot is provided of dark current 
15 and photocurrent versus bias voltage applied across an Se 
film, from vhich it will be noted that both photocurrent 
and dark current decrease dramatically with a decrease of 
bias voltage across the Se film. This suggests that a 
long time is required in order to discharge the Se film 
20 completely, or else a large decay-lag results. This 

characteristic is more serious in the case of low-dose X- 
rays, such as experienced during X-ray fluoroscopy or X- 
ray television. Secondly, it is difficult with the Se 
bias voltage circuit to switch the high bias voltage, 
25 e.g. from 2000V to -2000V at the video frequency of 30Hz 
without introducing additional electronic noise or air 
discharging problems. Moreover, the high voltage pulse 
will feed into the signal readout circuits through the 
insulator. This is because the insulator inserted 
30 between the Se film and the readout circuits in prior art 
systems can only insulate the readout circuits from the 
electrostatic field or DC component of the electric 
field, and cannot insulate the readout circuits from 
electric fields that change with time (i.e. the AC 
35 component of the electric field). Therefore, the bias 

voltage on the Se film in such prior art devices must be 
changed slowly in order to reduce the differential 
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voltage. Operating prior art devices in this fashion 
increases the response time. 

Figure 2 depicts an equivalent circuit of a single 
pixel in an X-ray imaging array according to the present 
5 invention. The circuit comprises a readout switch 1 

having a control terminal connected to one of a plurality 
of parallel control lines 7, an output terminal connected 
to one of a plurality of parallel data lines 6, and an 
input terminal connected to a storage capacitor 2 having 

10 capacitance Cs. The storage capacitor 2 is connected in 
turn to a radiation detector 4 and a reset switch 3. 
Where the radiation detector 4 comprises a thick film of 
Se, as in the preferred embodiment discussed in greater 
detail below, the capacitance may be represented as Cse. 

15 In operation, a bias voltage is applied to the 

radiation detector 4 such that when exposed to radiation 
(e.g. X-rays), electrical charges (e.g. electrons and 
holes) are generated in the radiation detector and stored 
on capacitor 2. A vertical scanner (Figure 3) generates 

20 control signals on successive ones of the control lines 7 
for enabling successive rows of the readout switches of 
an array of pixels (e.g. Figure 3), for discharging 
successive rows of the storage capacitors 2. The signal 
charge from each capacitor 2 is applied to a data line 6 

25 for subsequent readout, as discussed in greater detail 
below with reference to Figure 3. 

The collection efficiency of signal charge is 
proportional to the ratio of the storage capacitance of 
capacitor 2 and the capacitance of the radiation detector 

30 4 (i.e. where the radiation detector 4 is fabricated from 
Se, then the collection efficiency is given by 
Cs/ (Cs+Cse) ) . 

As discussed above, since the signal voltage is 
capacitively coupled to the readout switch 1, the readout 

35 switch cannot reset the potential of the radiation 

detector 4 automatically. Thus, in prior art systems, 
the bias voltage applied to the radiation detector 4 is 
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inverted, in order to sake the signal charges reverse, 
thereby resetting the potential of the radiation detector 
4 (e.g. Se film) . 

However, according to the present invention, a 
5 switch 3 is connected to the radiation detector 4 and 

storage capacitor 2 for rapidly resetting the potential 
(i.e. bias voltage) across the radiation detector 4 to a 
predetermined voltage (e.g. ground or some other suitable 
reset voltage) , thereby facilitating real-time operation 

10 of the sensor. As discussed in greater detail below, the 
switch 3 may be constructed as a TFT, diode, MXM (metal* 
insulator-metal) or MIS (metal-insulator-semiconductor) 
switch, or from other suitable switching technology. 
Turning now to Figure 3, a plurality of sensor 

15 pixels are shown (i.e. four such pixels are shown in the 
representative array of Figure 3, although in practice, a 
typical array would comprise a plurality of pixels 
arranged in a rectangular array) • 

In the embodiment of Figure 3, reset switch 3 is 

20 fabricated as a TFT which is connected to one terminal of 
radiation detector 4 (the other terminal not shown, but 
overlying the entire sensor array and connected to a 
source of high DC bias voltage, as discussed in greater 
detail below with reference to Figures 5-9) • The other 

25 terminal of each reset switch 3 is connected to a reset 
source line 5 connected to the reset potential V K . 

As discussed above, successive ones of control lines 
7 are connected to a vertical scanner 8 for generating 
control pulses on successive ones of the control lines 7, 

30 as discussed in greater detail below with reference to 
Figure 11. 

A read-out circuit is provided in the form of a 
multiplexer 9 having a plurality of charge integration 
amplifiers 14 connected to a plurality of inputs thereof. 
35 Each amplifier 14 is connected to one of the data lines 6 
of the sensor array, for integrating charge carried by 
the data lines in a well known manner, and applying an 
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output signal representative thereof to the multiplexer 
9. The multiplexer 9 then multiplexes successive rows of 
the scanned sensors into a serial output stream for 
subsequent processing (e.g. A/D conversion, digital 
5 signal processing, image display, etc.). The operation 

of the charge integration amplifiers 14, vertical scanner 
8 and multiplexer 9 will be well known to a person of 
ordinary skill in the art. 

Turning now to Figure 11 in conjunction with Figure 

10 3, operation of the sensor array is briefly described. 
Figure 11 depicts the control signals generated by 
vertical scanner 8, as well as readout and refresh 
signals generated by an additional control circuit (not 
shown, but of standard design) . Charges stored on the 

IS capacitors 2 are transferred to the data line 6 on a row- 
by-row basis in response to scanner 8 enabling successive 
rows of the TFT readout switches 1. Thus, as shown in 
Figure 11, the first row of readout switches l is enabled 
in response to vertical scanner 8 generating a control 

20 pulse (*yi). 

The charge transferred from each storage capacitor 2 
to the data line 6 is then integrated via the charge 
integration amplifiers 14 and is applied to multiplexer 
9. 

25 The charges applied to multiplexer 9 by respective 

ones of the amplifiers 14, are multiplexed and read out 
of multiplexer 9 in serial format in response to the 
external controller generating a plurality of successive 
additional control signals $xj, *xj+l, *xj+2, etc., so 

30 that the image data appearing on each pixel sensor is 
read out in succession (i.e. serial output). The 
integration capacitors of charge integration amplifiers 
14 are then reset in response to the external control 
circuit generating a positive refresh pulse signal (£r) . 

35 Next, the second row of storage capacitors 2 is 

discharged in response vertical scanner 8 generating 
another control pulse (0yi+l) on the second row of pixel 
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sensors, for transferring charge to the data lines 6, 
which charges are then integrated via amplifiers 14 and 
applied to multiplexer 9 for subsequent readout. 
However, as will be apparent from Figure 3, when the 
5 control pulse 0yi+l is generated, the TFT reset switches 
3 are also enabled in the previous row, for resetting the 
potential of the radiation detectors 4 of the entire 
previous row. 

Mote that the reset action at this time cannot 

10 completely refresh the storage capacitor 2, since the TFT 
switch 1 of the previous row has turned off, and 
therefore the terminal of capacitor 2 on switch 1 side is 
floated electrically and its potential varies with the 
potential on the opposite terminal. A complete reset 

15 operation for the capacitor 2 is carried out after all of 
the pixels on the imaging panel have been read out. 

This readout and reset process continues for all 
subsequent rows of the sensor array in response to the 
vertical scanner generating successive additional control 

20 pulses (e.g. *yi+2, etc.) on successive control lines 7 
of the array. 

Once vertical scanner 8 has caused charges on each 
row of the sensor to be readout (i.e. after one frame 
image) , vertical scanner 8 generates a further high 

25 voltage level control pulse to all control lines 7, 
thereby resetting all pixels at one time. 

Turning now to Figures 4 and 5, a layout of one 
pixel and a cross section through the pixel, 
respectively, are shown, in accordance with the preferred 

30 embodiment. 

As discussed above with reference to Figures 2 and 
3, the sensor array is defined by a plurality of rows of 
control lines 7 (represented in Figure 4 by gate bus 
lines 70), and a plurality of columns of data lines 6. 

35 The lines 70 and 6 are preferably fabricated from Cr, in 
the usual manner. The gate lines 70 are deposited on a 
glass substrate 10 with individual gates 73 extending 
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into the active pixel area. A layer of insulator 11 
(e.g. Si0 2 or a-SiN) is deposited over the gate 73 and 
substrate 10. Individual Cr gates 72 of the reset switch 
3 are deposited on the insulation layer 11 and contact 
5 the control lines 70 via contact vias 71. 

A layer of CdSe semiconductor 12 is deposited on 
insulation layer 11 so as to overlay the gate 73 of 
readout switch 1. Data lines 6 (also fabricated from Cr) 
and lower pixel electrodes 21 (also fabricated from Cr) 

10 are deposited on insulating layer 11 so as to contact the 
semiconductor region 12. A further insulation layer 20 
of a-SiN is deposited over the gate 72 of reset switch 3, 
data line 6, semiconductor region 12, lower pixel 
electrode 21 and the underlying insulation layer 11. 

15 Source line 5 for the reset switch 3 and upper pixel 

electrode 22 are then deposited on the insulating layer 
20 , and a further semiconductor region 30 (preferably 
CdSe) is deposited so as to contact source line 5 and 
upper pixel electrode 22, and so as to be substantially 

20 aligned with the gate 72 of reset switch 3. 

Next, a layer 40 of a a-Se is deposited over the 
entire array, followed by a blocking layer 41 of CeOj and 
an upper electrode or contact 72 of Al which, in 
combination with upper pixel electrode 22, is used to 

25 apply a high DC bias voltage to the a-Se layer 40. 

Because the second gate dielectric film 20 
(preferably fabricated from a-siN) is made thick (e.g. 
500 nm to 1000 nm) with high permittivity (e.g. 
approximately 9) , the breakdown voltage between the pixel 

30 electrode 22 and the TFT readout switch 1 is extremely 
high. 

As discussed above, the collection efficiency of 
signal charge is given by Cs/(Cs+Cse). Because the 
thickness of the se film 40 for radiation detection can 
35 be on the order of 300 pm, over 98% of signal charge can 
be readout according to the design of the present 
invention. 
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The TFT structure shown in Figures 4 and 5 is just 
one of a number of various TFT structures which are 
suitable for realizing the present invention. 

Figures 6, 7, and 8 show cross-sectional views with 
5 different structure of the reset TFT 3. Reference 

numerals which are common to Figures 5-8 represent common 
features. Thus, in the alternative embodiment of Figure 
6, a TFT reset switch 3 is fabricated using a 
semiconductor layer 32 of a-se + As?Se,. In the 

10 embodiment of Figure 7, the reset switch 3 is fabricated 
using a P channel TFT device with semiconductor region 31 
of p+-a-Si, and wherein the semiconductor material 13 for 
readout switch 1 is fabricated using a-Si. In the 
embodiment of Figure 8, the reset switch 3 is fabricated 

15 as a TFT device, the semiconductor film of radiation 
conversion 4 is also used for the TFT switch 3. The 
semiconductor region 13 of readout switch 1 being 
fabricated from a-Si, as is the radiation detection film 
44. 

20 Figure 9 shows another structure of the invention, 

employing a a-Si p-i-n diode switch as the reset switch 
3. The diode comprises a layer 34 of a-Si sandwiched 
between a layer 35 of p*-a-Si and a layer 36 of n+-a-Si. 
The diode is deposited on a reset control line 50 of Cr. 

25 Figure 10 shows a further alternative embodiment of 

the invention wherein the source lines 5 for the reset 
switches 3 are arranged parallel to the gate lines 7. 

This design allows a driving pulse wave, which is 
synchronous with the gate contral pulse, but with 

30 different voltage levels to be applied to the source line 
5, in order to increase the on-current and reduce the 
off -current of the reset switch 3. 

Alternative embodiments and variations of the 
invention are possible. For example, although the 

35 embodiments described above refer to a well known 

multiplexer readout, alternative readout circuits and 
devices may be utilized, such as a TFT readout array with 
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built-in TFT amplifier in each pixel, laser beam scanning 
readout, spatial light modulator readout (i.e. light 
valve) employing liquid crystal or solid-state image 
intensifiers with electric luminance film, etc. All such 
5 variations and alternative embodiments are believed to be 
within the sphere and scope of the present invention as 
defined by the claims appended hereto. 
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J CIAIM 

1 # a radiation imaging system comprising: 

a) capacitive coupling radiation detector means 
5 for directly converting incident radiation to electrical 

charges ; 

b) storage capacitor means for storing said 

charges; 

c) readout means for periodically outputting 
10 said charges stored on said storage capacitor means; and 

d) reset means for periodically resetting said 
capacitive coupling radiation detector means. 

2. The imaging system of claim 1, wherein said 

15 capacitive coupling radiation detector means comprises a 
high-voltage DC biased a-Se film. 

3. The imaging system of claim 2, wherein said a- 
Se film is approximately 300 pm thick. 

20 

4. The imaging system of claim 2, wherein said 
storage capacitor means comprises a first electrode 
adjacent said a-Se film, a second electrode opposite said 
first electrode, and a dielectric layer between said 

25 first electrode and said second electrode. 

5 # The imaging system of claim 1, wherein said 

capacitive coupling radiation detector means comprises a 
high- voltage DC biased a-Si film. 

30 

6. The imaging system of claim 1, wherein said 
reset means comprises a thin film transistor (TFT) • 

7. The imaging system of claim 1, wherein said 
35 reset means comprises a diode. 



8. 



The imaging system of claim 1, wherein said 



WO 96/03773 



PCT/CA94/00407 



10 



13 

reset means comprises a metal-insulator-metal (M1M) 
transistor. 

9 ' The imaging system of claim 1, wherein said 

reset means comprises a metal-insulator-semiconductor 
(MIS) transistor. 

10. The imaging system of claim 7, wherein said 
diode is an amorphous silicon p-i-n diode. 

11. The imaging system of claim l, wherein said 
readout means comprises a thin film transistor (TFT) . 

12. The imaging system of claim 4, wherein said 
15 readout means further comprises a first thin film 

transistor (TFT) having a drain terminal thereof 
connected to said first electrode, a source terminal 
thereof connected to a data readout line, and a gate 
terminal thereof connected to a source of readout control 
20 signal. 

13. The imaging system of claim 4, wherein said 
reset means comprises a second thin film transistor 
(TFT) . 

25 

14. The imaging system of claim 13, wherein said 
second thin film transistor (TFT) has a drain terminal 
thereof connected to said first electrode, a source 
terminal thereof connected to a source of reset 

30 potential, and a gate terminal thereof connected to a 
source of reset control signal. 

15. The imaging system of claim 12, wherein said 
reset means comprises a diode having an anode thereof 

35 connected to said first electrode and a cathode connected 
to a source of reset control signal. 
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16. A radiation imaging system comprising: 

a) capacitive coupling radiation detector means 
for directly converting incident radiation to electrical 
charges; 

5 b) an array of pixel electrodes adjacent said 

capacitive coupling radiation detector means for storing 
said charges; 

c) a plurality of control lines separating 
respective rows of said array of pixel electrodes; 
10 d) a plurality of data lines separating 

respective columns of said array of pixel electrodes; 

e) scanner means for generating a succession of 
control signals on successive ones of said control lines; 

f ) a plurality of TFT readout switch means 
15 having drain terminals connected to respective ones of 

said pixel electrodes, gate terminals connected to first 
respective ones of said control lines, and source 
terminals connected to respective ones of said data 
lines, for transferring said charges from said pixel 
20 electrodes to said data lines in response to said scanner 
means generating said control signals on said respective 
ones of said control lines; 

g) multiplexer means connected to said 
plurality of data lines, for receiving and outputting 

25 successive rows of said charges from said data lines; and 

h) a plurality of reset switch means having 
first terminals thereof connected to said respective ones 
of said pixel electrodes, control terminals thereof 
connected to further respective ones of said control 

30 lines adjacent said first respective ones of said control 
lines, and second terminals thereof connected to a source 
of reset potential for resetting said respective ones of 
said pixel electrodes after said charges have been 
transferred therefrom. 

35 

17. The radiation imaging system of claim 16, 

wherein said capacitive coupling radiation detector means 
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comprises a high-voltage DC biased a-Se film. 

18. The imaging system of claim 17, wherein said a- 
Se film is approximately 300 Mm thick. 

5 

19. The imaging system of claim 17, wherein each 
said pixel electrodes comprises a first electrode 
adjacent said a-Se film, a second electrode opposite said 
first electrode, and a dielectric layer between said 

10 first electrode and said second electrode. 

20. The imaging system of claim 16, wherein said 
capacitive coupling radiation detector means comprises a 
high-voltage DC biased a-Si film. 

15 

21. The imaging system of claim 16, wherein each 
said reset switch means comprises a thin film transistor 
(TFT) . 

20 22. The imaging system of claim 16, wherein each 

said reset switch means comprises a diode. 

23. The imaging system of claim 16, wherein each 
said reset switch means comprises a metal -insulator-metal 

25 (KIM) transistor. 

24. The imaging system of claim 16, wherein each 
said reset switch means comprises a metal-insulator- 
semiconductor (MIS) transistor. 

30 

25. The imaging system of claim 22, wherein said 
diode is an amorphous silicon p-i-n diode. 

26. The imaging system of claim 19, further 

35 comprising a layer of Al overlying said a-Se film, said 

a-se film being high-voltage DC biased by means of a high 
DC voltage applied between said layer of Al and said 
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first electrode. 

27. The imaging system of claim 26 , further 
comprising a blocking layer of CeO z intermediate said 

5 layer of Al and said a-Se film. 

28. The imaging system of claim 16 , wherein each 
said TFT readout switch means is fabricated with a CdSe 
semiconductor region . 

10 

29. The imaging system of claim 17, wherein each 
said TFT readout switch means is fabricated with an a-Si 
semiconductor region. 

15 30. The imaging system of claim 29, wherein each 

said reset switch means comprises an MIS transistor 
fabricated with p*-a-Si semiconductor. 

31. The imaging system of claim 20 , wherein each 
20 said reset switch means comprises an MIM transistor and 

each said TFT readout switch means is fabricated with an 
a-S i semiconductor • 

32. The imaging system of claim 25, wherein each 
25 said diode has an anode thereof comprising p + -a-Si 

connected to one of said pixel electrodes, a cathode 
comprising n*-a-Si connected to one of said control 
lines, and a layer of a-Si between said anode and said 
cathode. 

30 

33. The imaging system of claim 16, wherein said 
second terminals of said reset switch means are connected 
to said source of reset potential via respective reset 
lines parallel to respective ones of said data lines. 

35 

34. The imaging system of claim 16, wherein said 
second terminals of said reset switch means are connected 
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to said source of reset potential via respective reset 
lines parallel to respective ones of control lines • 



5 
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AMENDED CLAIMS 

[received by the International Bureau on 13 february 1995 (13.02.95); 
original claims 1,4-9,11-13,15 amended; remaining claims unchanged (3 pages)] 

1. A radiation imaging system comprising: 

a) capacitive coupling radiation detector 
5 means for directly converting incident radiation to 

electrical charges; 

b) an array of storage capacitor means 
connected to said capacitive coupling radiation detector 
means for storing said charges; 

10 c) a plurality of readout means connected to 

respective ones of said storage capacitor means for 
successively outputting said charges stored on said 
respective storage capacitor means; and 

d) a plurality of reset means connected to 

15 said respective ones of said storage capacitor means for 
resetting successive adjacent ones of said respective 
storage capacitors in synchronism with said outputting of 
said charges, thereby rapidly discharging said capacitive 
coupling radiation detector means. 

20 

2. The imaging system of claim 1, wherein said 
capacitive coupling radiation detector means comprises a 
high-voltage DC biased a-Se film. 

25 3. The imaging system of claim 2, wherein said a- 

Se film is approximately 300 ftm thick. 

4. The imaging system of claim 2, wherein each of 
said storage capacitor means comprises a first electrode 

30 adjacent said a-Se film, a second electrode opposite said 
first electrode, and a dielectric layer between said 
first electrode and said second electrode. 

5. The imaging system of claim 1, wherein each of 
35 said capacitive coupling radiation detector means 

comprises a high-voltage DC biased a-Si film. 
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6. The imaging system of claim 1, wherein each of 
said reset means comprises a thin film transistor (TFT) . 

7. The imaging system of claim 1, wherein each of 
said reset means comprises a diode. 

8. The imaging system of claim l, wherein each of 
said reset means comprises a metal-insulator-metal (MIM) 
transistor. 

9. The imaging system of claim 1, wherein each of 
said reset means comprises a metal-insulator- 
semiconductor (MIS) transistor. 

10. The imaging system of claim 7, wherein said 
diode is an amorphous silicon p-i-n diode. 

11. The imaging system of claim l, wherein each of 
said readout means comprises a thin film transistor 
(TFT) . 

12. The imaging system of claim 4, wherein each of 
said readout means further comprises a first thin film 
transistor (TFT) having a drain terminal thereof 
connected to said first electrode, a source terminal 
thereof connected to a data readout line, and a gate 
terminal thereof connected to a source of readout control 
signal. 

13. The imaging system of claim 4, wherein each of 
said reset means comprises a second thin film transistor 
(TFT). 

14. The imaging system of claim 13, wherein said 
second thin film transistor (TFT) has a drain terminal 
thereof connected to said first electrode, a source 
terminal thereof connected to a source of reset 



AMENDED SHEET (ARTICLE B) 



WO 96/03773 



20 



PCT/CA94/00407 



potential, and a gate terminal thereof connected to a 
source of reset control signal. 

15. The imaging system of claim 12, wherein each of 

5 said reset means comprises a diode having an anode 

thereof connected to said first electrode and a cathode 
connected to a source of reset control signal. 
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STATEMENT UNDER ARTICLE 19 



Claim 1 has been amended to highlight the aspect of 
applicant's invention by which each storage capacitor of an 
array of storage capacitors is reset individually after charge 
readout. This feature distinguishes over U.S. Patent 
5,017,989 (Street et al) which teaches simultaneous reset of 
all pixels, rather than sequential resetting of pixel rows 
subsequent to readout as recited in amended claim 1. This 
feature of applicant's invention overcomes the disadvantages 
of Street et al and the other prior art as set forth on pages 
1 and 2 of applicant's disclosure. The rapid discharging of 
the capacitive coupling radiation detector in applicant's 
invention facilitates real time operation, which is not 
possible in the cited prior art systems. 

The cited reference SPIE, Medical Imaging VT: 
Instrumentation, provides no detailed discussion of pixel 
reset means whatsoever. 

In addition to the foregoing, applicant is aware of the 
following U.S. patents which are believed to define the 
general state of the art and are not considered to be of 
particular relevance: 5,132,541 (Conrads et al) ; 5,184,018 
(Conrads et al); 5,315,101 (Hughes et al) ; 5,349,174 (Van 
Berkel et al) ; 4,939,759 (Rupp et al) and 4,975,935 (Hillen et 
al). 
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